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W • 




[oooi] mmfcrnitT^u^tcteT-rv?, ^^mwty'^^xwmm 



[0002] CMOSyn-feX(d^oV>T«> H]S§CORF#tt(^jll^#tt: Radio Frequency) (D 
[0003] ^ot, CMOS7°n-lr^^*3tt5RF#'l4^^o-CV^cC^^^> RF-CMOStUS& 

[0004] rtU-2tU ->!l3^x- /Nf^^wN^(D^p^b J ^^B^:l5lSco^J»t4^'ffin 

SW&fc:* {£«^it#ffl^^ibTV^§ 0 RF-CMOSHJ{^S^i:U 

[0005] ^*U2> RFIel^tt, 9*$^H@Ii&i:f»ft0, ify^y^M^^m^ 



WO 2005/038899 PCT/JP2004/0 11050 

2 

[0006] T-rv?s ^Jf^mMrf'M^fe. yv[H8&-e#§£L;fc$Si >£*£/-f 

[0007] L^LfttfS^^g^/i^df— ft(^T, rcz^j^v^)"e$statufcvu=i^^{i 

[0008] mm, mBv^—^^^t^^~^(om^^t(Dm%^^hK^m'^-h^o 

U at#PP*PfcJ:S^rfe-CW:, i^t^b^if;^^^ railtf^n&fbfcfcfcfcv^ 
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SgWO00/55397-$§v^>'^:yK^T> tX®lll&^)Xte. jgjft W 1 00 Q cm 



£k±.X\ 



( 



^it^^lO— 25ppma(7. 9X10 1? — 19. 8X 



10 "atoms/cm" 5 [Old ASTM])tf\ ii^CD 



X 10 X 10 17 atoms/cm 3 [Old ASTM]) ^T^-t"6^^P?fl^$HTV^ 0 rCQ# 
[0012] £fc, #M2000-100631^£#(.!^T\ l";£$fc2ji:V^) J-tt, ©feiWiOOQc 

XlbZb-r&hCDXfo&o 
[0013] _h|Eco3c$JU, 2^ffi|g£ftfc;!7?£i-J:ftte\ ^li?^;£/$ s ifKffiJB£ft^>y=<>^ 



[0014] u^Ue;^, ffiia^mis zxm'MZtittm-t. mM<DWo, m 



x\ m 



mm 



[0015] 
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M.Akatsuka et al., Jpn. J. Appl. Phys., 36 (1997) L1422, #H8)„ 

Sflft^flMfe^^S&^^SfcSCiBI*.^ K.Sueoka et al., Jpn. J. Appl. Phys., 36 
(1997) 7095, #{$) 0 

[0017] m2(Dmmn, nmffl(Dmmvrmm&mzbi>te?M^xh<DmMxfoz 0 

[0018] f3©^Iii, ^ilfaiW}:^*5iMrrtwMI^©i^fe 

[0019] &mwn, ±^vtz:Mn^^—^M^mvmm^n^mmmm^mx(D 
r$M&^fyxtf:£fttdb<Dxh<o s czmxj%m*mn^xi^m£titc.m&tfLi}3=- 

^^b^Tm^-^ iSBt^fflOfS^IIIfK U^fVW^l^Iit 

[0020] ^(Dmt&irc 1 ? ~— ^(Dm^xmit^n^mm^Mmu mnfd&®i&m$i~r 
mft<Dsoiv^—^b\^xi£.mx$&h<Dx&z>j)>b, fc&mte, ±.iZ(Dmi&fc>}) 
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[0021] ^W^te, ±JB0> g WSrjififei"*^:*. tt*«f ffifMS^^^i-^ 



[0022] 



[0023] f£3te&»£>, fefet^O'ffiv ^yyaj^wN-cj*, ^**SJn^»*K^-*-©^a«iiW 

^^r^b-e&^^^^Pbtl/TV^SC^iJx.}^, A. B. Bean et all., J. Phys. Chem. Solids, 



1972, Vol.33, pp 255-268, 0M)o Mctt-tfjfcfe, lOQcm^T^fgV^^©^ 



tifi, Bl3HK^— (D^ftJ^^ftj^^WStel X 10 atomos/cm ""CfcSo 
[0024] b^ZfrK 100Qcm^±<OffiV^S^*©^y=iV>>*— 

[0025] #atftf^ (9^tr^) ^SilfrfMS^ ^^s^ot^^S: 

tSriLfflUfco JMfcift^te:, hSra^o— /mtJ&iaM&Sfc, 1150°CJ^_L 

(Dii5^f^^S^J:W^^^l000— ll50°C<Z)^f^^s^ i b^a^2^^Str 



[0026] -^LT, ft 



(Oy^—s^m V ^>*§-£i-teU #?&1^— b&^hn— /VLfc 
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maxhoi&m&m&'vzzo tits mmte&mffimtmn&fttt®. s^wn 
[0027] mji5mi^^i-J:5^, *«tfcs'y=>'**— ^"ewu ^jg^^s&mK^-- <d 

[0028] ^$n5iiKt-fi, y§tj££;h/CV >5f- — (Old 

Donor) ^/J^^di^^^^§tLfct#^^tL6^— K"J— (New Donor) d> 



[0029] h*k*j— fcia-rsa* ^vm*§^-*5v^cs 



[oo3i] E2«, ^v^^^^cDxa^^^s^a^^^^^— ^tu^x- 
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[0032] 7s<s(xW&<DJMte&ttZ>1MBMti* Mrfcftia^ WMt^WsfTM-Wis 



s 0 t^-^comftmmtm&mmK^-rmm^mfrh, m2ia*mtQm$iWr& 

-Y^M5t^Xm^*5^^MS^^^K^—0^^;*^l X 10 13 atoms/cm 3 ^ 



13 



atoms/cm 3 J£*T£U '^<Dj%&\ 



[0034] H2^i-iB«n:as<5ttri, itiia^K^— <DW&m&a&irz>&si—^ 



[0035] 



tfd (a < b < c < d) kttZo 



[0037] _h|S^f=t43i^^f^^V^T^$nfct>^-^feDx TIBCD (1) - ( 

(!)CZfe^J:^S^^UOOQcmJ^_bT\ ti}Mte*ffiWimWk&i> i B X 10 17 atoms 



/cm 3 (ASTM F121-1979)J£Jl±t?*>t), *b^**ft* s 5 X 10 15 -5 X 10" atoms 



.17 
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/cm 3 (ASTM F123-1981)-Cfc5v'y=i>' , >^— /^M^X, KSH&tBMkLX \ 
<ti>700—850X:<DffiMffi$ttZ.&tfZ>%-m\''~ b&O. 5— lO'C/mintU 850— 

iooo°c-eo. 5— 5^rM©iPHR*D!asrifiu £fcKifB2ftf!ya£L-c, ii50°cjy.±-? 

^13 X 10 17 atoms/cm 3 (ASTM F121-1979) &>±X*3b?>i'V='>V**- ^Srffl 

(4) tufB ( 1) <0 W&WsV = JUaS^ifc-Ctt: , nhthtci/V *isVzc—^ <D 

2$#&&&&d s 6. 5X10 17 atoms/cm 8 (ASTM F121-1979) ^ol3. 5 

X10 17 atoms/cm 3 (ASTM F121-1979) ^T"Cfe«9, f>M^Wie(-fc1t?. 

MBM&&z.t£t>tiitk& . v^—^ftmz.&£.-f-z>wtm\ f 't— *^ix io 13 atom 

[0038] Hltt, K3BK^ — «£*fc?*wN©JSffi^fc(D|M4R&£^tt^^0^fc5o 

|gl3f*,^K^2SMS^P^a^^i^P^^ra^^#^^liI"C-fe«9> 
(a) ttflfiM^PM^^ PI (b) «^2^^W*P^#^ ; etL^tb^U 
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V 



[0039] ^gfei^^UOOQcm^Ji-e, ftl^^-f^lf M/$ s 8 X 



10 17 atoms/cm 3 (ASTM F121-1979) ^JitrSbD, £<b^l!f}i»J»5 X 10 ±o -5 X 
10 17 atomos/cm 3 (ASTM F123-1981) XfoZCZfe^XZ^V^Vx-S^MMk 

[0040] fe^L^iOOQcmJ^±^-t-S(D«, xV^^^©^^^^^^ #^2. 

[0041] ^3,— /NCO^«^Ffl^(ia^m^)^S^8X 10 17 atom S/ /cm 3 (ASTM 

F121-1979m_h£LTl^Of^ iiltOCZ^-e^^tbS^llfflO^ys^^^^ 

<D^f ^yfV^itm^-rZBMD (Bulk 
Micro Defect) ^?f^$iir6^^WtH^^^oT#fe-r5cD^^bV\ 

[0042] j^^, a^^^^^T^y^^ffl^i-^^wm^^^^^ffiii^*^ 



WlfiJt-t^J^feSo rtl^^-r^fcfe, 5X10 15 ^5X10 17 atomos/cm 3 ( 
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ASTM F123-1981)-g^r£*5o 
[0043] 5 X 10 15 atoms/cm 3 (ASTM F123-1981) J fc©3b** s +# 

<DX\ 5X10 17 atoms/cm 3 (ASTM F123-1981) £ATirt"5<> MM^^^^m 

[0044] *%^©Il^t1i, ±KOfl5ffigt'>!J3^a:— ^SrJtiV\ mH&®Mk%S2 

00— 850WiBj^$fc*5tt5#iI.l'*- h%0. 5— 10°C/min£U 850—1000 
[0045] — fteHMQfSfii, 1150°CJ^±-ei-2B#^^P^S^§l^t> 1000°C- 

[0046] H3», ^0J^2^^S^*P^^^itJ ? *P^B#K^^^-f-|ll-efc t 9, 
P?] (a) fi^l»ffiO*P^^#^r, HI (b) (*^2MS(D*Pf^^#^ j etL^tb^L 

[0047] (^lf^M3g^oV>-C) 

$5im$nMXfe, Stt^a— /N^550-~800 0 COMf5H^f§S$tvfc^^S^ 
rtHSAtfc©*>(alS), *0>&©#ifi»^K:.J:«3, ^700-850^0^1. 
§ftH«fc*3tt3#i&l'— hS:0. 5— 10 < C/mini:i-2)(bX3g)o r<£)bXm-e<£>#«. 

[0048] 850— iooo < c<D?i.^fSffl-eo. 5— 5^F^wi*i^a^jfe-r(cx©) 0 roc 

tiftUmcD f$&$:43:-rh <D X&Zfab, 8 50 — 1 000°C CD Sg|51 "ClM&tfcft 5 (9 ^t" 
[0049] ^(Df, ft»U 9*WNSrfWQ.ajPd»5,Sl«5 Wi" (dXS) o fcfcU |2Wt 
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o 



[0050] ±|BaXS-e^M^rt^^MS^550 o C-800°Cir?)^f*. ^(DUm 

[oo5i] ±iabx©-e(D#^^t?fiS^mit^^«7oo-85o 0 c-efcac roaaefWfc 



[0052] ±|BcX5g-C850— 1000°C-CO. 5-5Stfffl<Dl)\\m®im%-fZ(Dn, 850°C*'« 
[0053] (f52M;3l^oV^) 

ii50°c^XT?i-2B#^^^s^-r(gxa)c r*U£3l#^vvriooo-ii5 

^—^%m%±M-)pfrb%l'0liiir (iX@) o 

[0054] xiBgia-ei 1 5o°c^x^p^?M^b-cv mmi&m^mmm^ 

[0055] ££>M, gXS-eoiPlKH^WSri— 2^Wfcb-CVVB«>W:, ii^W5f«j*rt?ttCOP)S:^ 

[0056] X|BhXat?M^?Tl000-1150 o CtbTV^<Z)(*, 1000 t C*»T?tti 
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[oo58] — mmmMmw^—y^m^^m^n, miB&Mx*mMte$rmm<Dj$. 

[0059] #2fft«yg-Cf4, XfBiXflW^— ^©feUffitfig^^m^tli^V^^ 

[0060] (^^S(D#iaM{c-ov^-r) 

fcttr^fc©ja^^(Ar+H ),^u<w:^*(n ) ^*<ofift* (3%o ) Srg-^r 

2 2 ^ 

[0061] fc^a^ $Mbt4#H^L *fe»4*BN tfxmm^xmtt±m%M-fb, 

2 2 

[0062] f2iM©#l^tt, #IWfctt*B*&/B^S©;6SS*lX, At, Ar+H 2 

q 9. 2 2 
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[0063] 



^ifctfcftUB DZJI mMfam, DZ: Denuded Zone) &ej&1rZ>Z.bt>*'V£Z>& 

[oo64] mmvi—<D$Li&m) 

S^*3r^^)ttfct#, ^^-/Nrt^^^-r^^K-^- 4^1 X 10 13 atom 



[0065] 



[0066] G8# 



17 



#S6. 5X10 a 



toms/cm 3 (ASTM F121-1979)EA_bT?x *»ol3. 5 X 10 17 atoms/ / cm 3 (ASTM 

F121-1979) gtTTfcD, ^V^^^(DX@{c^tt6^S^^-^t?tvfci:#> ? 

[0067] fufB|g|2f3\ ^iWN£D?i#iilif/W«OlSl-^(t5iMf© 
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[0068] — ?*s<4xm&<OlMfo&tt&m8m4kWG>l1b. *t>»*K^"— ©^fife^ s 

[0069] »>3iwN©«#Sft#©±TIRai*©tWf*»!i^feD, *i\ x>W^5tW» 
BERK-*"*- ©^fii^ffi^Sr^-r-e^— 7"— ^4rf^J*-f"5o 

[0070] rfruktf^;**— r — ://MeX<5v vc, ^ItwiiKt- <DfF^» (±RR#D 

[0071] Mcfom^ ^<Dffiftmmmmate£x$d&®:7£-rz>tcfr^ cz?fe-ew/&u 

jg£t*a*2000 Q cmT% ^OSB^Mift*** 1 3— 1 5 X 10 17 atoms/cm 3 (ASTM 
F121-1979) "C s $f)(^iIS5 X 10 16 atomos/cm 3 (ASTM F123-1981) <D84 

[0072] 2piLfct^xWN^ JBlHW&yafcLTN Cat?3%0 )#;*#ffl^5:MV\ V 

2 ^ 

^wnSA?M700°C^#M1/— b£l°C/min£:U 900 < Ct?l^ra©*P^*Ofa% > 
JfeUfco ^2fla^i:U-CAr7y^#ffl^fflV^1200 0 C-elB#^^D^S 

[0073] #P>tLfc^x-/N(CN (^tf3%0 )77^fflV>T > 450°C-C5^P H 1(Dm*K-7— 

2 2 

fco PIU3MRfci&ot\ 400^1 l^W©fift*K^— ^^cfWOsaS^To-C, HUBSEI2 
[0074] :^o^-r-^H:i^^T, HMf ©fiKt-©^t»^, 
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[0075] 









mm b'-f— 


4 5 O'CX 5 H r 


4 0 OtX 1 H r 


mm b'i — <d 


1 X 1 0 13 
a t o m s / cm 3 


1 x l 0 13 
a t o m s / c m 3 


m&mmmm 


6 . 5 X 1 0 1 7 
a t o m s / cm 3 


13. 5 X 1 0 17 
a t o m s / cm 3 



[0076] m©*s*a»e>, ^m^m-c^ntc^v^^^— /M^a^iitsii, 6. 

5X10 17 atoms/cm 3 ^±T:\ /^ol3. 5 X 10 17 atoms / / cm 3 J^T"efc5<Z)^^ 
F^^^^^i-^^^K^— 4^1 X 10 13 atoms/cm 3 ^T£?iJ£t~5-<^ s *Ci r; 5o 

[0077] (%2Wi^m^rt&^^Mm) 

[0078] m4{i, ^m^^^^mz-m^^u^M^^MW^f^^^—^^^^^ 

[0079] Z.(D^b%mmi-%tlfr, CZ&K£.Z>84>?- . pi^-/^?iL, ^fNo. 1 
<0tVtc o 

a. ^fjfMSXlO^tomos/cm 3 (ASTM F123-1981) 

b. ®ffi^600Qcm(t^No. 1—4), 
ffi-^fe^-fflm^MfelS- 5X10 17 atoms/cm 3 (f*^No. 1—4) 
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c. ®ffi^3000Qcm(f$^No. 5—6), 
:ft$te^MttXft&15X 10 17 atoms/ / cm 3 (^No. 5-6) 

d. ^)x-/^(dPIf > 650 < CxiHr-eK^ — ^y—f&mm&mMo 

a. N (^t?3%0 )^>#H^MV\SA^700°C-e#^l/-M c C/min 

2 2 

b. 900°CXlHr^^^S(^No. 1, 3, 5) 

c. 950°CX lHr<DmM.m%±mmmNo. 2, 4. 6) 

b. 1200°CXlHrO^^^^a 

c. m^k, 1000°CX2Hr(D^RfMS(I^No. 1, 2) 

d. P£*B^ 1000t;x4Hrtf>^lB^S(i^No. 3,4) 

e. P£^, 1000°CX6Hr(D^?l.l^^S(I^^No. 5, 6) 

£6. 5X10 17 -12. OXlO^atoms/cm'o^lS-e^J^IT^Srt^^^ 

[0081] tz.r>&* ^mm(Dm^mx^ mtm4<D^mzh^h-r, wm^r^^ 

(@^^*)^;^3X10 17 atoms/cm 3 (ASTM F121-1979) &±.<Di/V^>?^ 
—s^m^Z>Wi&Kte., ^2MS^it6^^^S(ffjfSBl3©hXfM)cDAPf|*i 

[0082] itUi N r>^- /N( ^^ W ^p^^(|g^^)^^J^^^{Cli«V^^^«, 

[0083] HI5«, ^ffi^rN1^^»^^i^V^'> 3 l-/^^fflV^6^^vl*D^ta^ «§0J<£>!g2 
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[0084] Z<D^k%$UmirZ>tctf), CZfe^«t58>f^ % pM 1 ?^— /^m^X^M^^m 

(1) WX-/MD^# 

a. #tf{tiiJt5X10 16 atomos/cm 3 (ASTM 
F123-1981) 

b. fefet^3000Qcm 
^♦&^-W^SliftSl5X 10 17 atoms/cm 3 

(2) iii«iM# 

2 2 

b. 900°C X lHr(D#?SjMiS 

a. Ar^#H^^ffiV\ «^-^$S:A^700 o C 

b. 1200°CXlHr<D#M^3S 

c. lOOCTCXOHr, 2Hr, 4Hr&«fct*6Hr<^ifi8&#yS 

[0085] H5|!l*tj|$*«>6>, ^^K^^^i«V^^-/N?rfflV^m^^« % # 

Wl^-Ct), '^©»#ll**£^^iB*a s 4>&<, V>T;ft,©$NHi6. 5X1 
0 17 -12. OX 10 17 atoms/cm 3 ©i5ia?r^-r^i55 s ^^o 
[0086] i"/j:t3*>, ^W^^^^S^13X 10 17 atoms/cm 3 £*±£Jfc«lfti*SV^a: 
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o 

So klgKlSSttSJM&l"- bttl. 0°C/miru 1. 5°C/min*Dj;^2. 0°C/min<£> 

m-fzWf&xh. kx@(#m^)axadooo °c^a) cDm^^^^ 

g&#g&9jfiftS : £6. 35X10 17 — 13. lX10 17 atomsXcm 3 ^fBH-ClHfit?#6ri 
[0090] (^t 0 ^^^/^^^-^^^ SOI^cx— /N(D^it^"?fe) 

[0092] #^tLfcK®^y3^^-/N^#S^^b-CSIMOXMSOIl7 
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[0094] g&HSl'tf-^'W— X*tUTtt4X 10 17 cm~ 2 iiij^ Sfcttl. 0X10 18 cm" 2 »±(DK 

[0095] #^fci^^v-y='^^-^^^WiJ , >^-^^^bTI£'9^ 
[0096] Ifi^-^^MSOI^^— />K>$!i3t^#fcoV^"Ctt, ^JSM©*®^^ 3 ^*— 

^SrXKFSKM^*— Aittfflv^^^iuft #^PSJti-5^Htt^v\ ^ffcftJ 

[0097] m^. m&mw?*~'^k3zw^to**~'^&&mztt&. mmm&mvx 



%tpX\ 400— 1200°CT^P^^a^ ; fTX.^J:V\ 
[0098] £^-§I;£lXte, 900 o C<DUmxm%±M-rZ>^bX\ ~fc<DV^—^%%SLmK%£& 




MM 
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[0099] (HJfiflll) 

^•^^^^10-15X10 17 atoms/cm 3 (ASTM F121-1979) "C\ ZblZfomM 
m&5X 10 16 atomos/cm 3 (ASTM F123-1981) <£>8-(V^\ pM?^— ^tJOli 

[0100] MLfci^?^— IlM^UN (-g-tf>3%0 )#*#H^£fflV\? 

2 2 

^t£A?.&Jt700 < CT?#*i.l- — b&l°C/min£:U 900^^1 HSFKlOJnaM&SSr 

[oioi] llBliIi(:f^f;i)x-/N^^t, ^ifeiSirox^^^t/^fir 

[0102] #bnfc^fc 0 ^v^l^— x>W*M^fM3l^F£L-€, N (^if 3 
%0 )#H^^T400°CXlB^r H ^^S^Tof'^, ^wNrt*|5^|g^-r» 



[0103] (m&#!l2) 

ifl^ ®fei^2000Qcm-t:\ ^^P^^M^13-15 X 10 17 atoms/cm 
3 (ASTM F121-1979)T\ ZblzfcmM&ftS X 10 16 atomos/cm 3 (ASTM 

F123-1981) r% 65o°cximm<D}?^—*9—f$Mm&mMvtc^7*y^—^%m 

[0104] ns£Miirin^#^^i^^mu #:v^\ ^m^mtvxAr^^nmn^ 
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[0105] mhtitc^^y^/^^—^K, mi&MikmgiWx*m%F-i— 38£*&f§: 

[0106] (H»J3) 

nmmitmm^ ^^2oooQ C m-c\ ^m^r^mmmM^io- 15x10 

17 atoms/cm 3 (ASTM F121-1979) "C, $fe^#*ft^5 X 10 16 atomos/cm 3 ( 
ASTM F123-198l)tf>8^>^\ pit ^r>x-/N^f ft, Pm#H*NB#l*& 

[0107] 3K3t$H^>y=»^3i— /nSt^v^, iftSR^r^Sr^**- ^figfllia^lOOkeVtftfro 
[0108] #btLfcSIMOXMSOI»>^— ^<^3K3t©«i*D!3S*#i:b-C. N C£t?3 

2 

ajm»^i-5H*K^-— is^s^mscuTho ^^m, ^t«#Kt- iauxio 1 

[0109] (|£JS#|4) 

HJteMl^^t-. Jgfei^2000QcmT\ SOHJte^lfflifc***^— 15X10 
17 atoms/cm 3 (ASTM F121-1979) T\ ^?)(^iIS^5 x 10 16 atomos/cm 3 ( 
ASTM F123-1981) pM^r>^/N^2p#b, SfetC, PIC*#<0!Rlf» 

[Olio] KjftSix^ya^a*- ^£rfflv\ fkffc#IS^4 , ^iooo^©#&&3&?TV\ ? 

•fern ttezmtv 1 ? ^mmz^r. ii5ox:<Dm.&xm&^'o&fr"&tc 0 z<d& 

[0111] #?>^cIfi0^ii:SSOI^^— 7 s s<^xMm<Dl&tB!m4kWrbl'X, N 
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2 

Slfe*!^ — JB&i&WHEUfco ^f*x ^:T^K-t— X 10 13 atoms/cm 
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0 17 atoms/cm 3 (ASTM F121-1979)^±T?*>9, ^1^IS^5X10 15 -5X1 
0 17 atoms/cm 3 (ASTM F123-198l)"T?fcS'>y=»>'l>3i— ^grffiV^T, 
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